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(57) ABSTRACT

Apparatus for purging containers for the storage of sensitive
materials is described. It includes means to connect a source
of compressed purge gas to a purge gas inlet (2) ona container
(1), including a pneumatically operated valve (6) adapted to
allow purge gas to pass from the source to the inlet and a
timing device (9) associated with the valve (6) and adapted to
turn off the gas flow after a given time, and including means
to vary the time between commencement and cessation of gas
flow. The timing device is preferably one which operates on a
pneumatic or clockwork basis, enabling the apparatus to
operate without any electrical power supply, driven by the
purge gas pressure alone. This enables the construction of a
simple reliable unit, at a cost even enabling the unit to be
incorporated into the container itself if desired. The use of a
pneumatically operated valve enables portable apparatus to
be designed with low power use if it includes e.g. electronic
sensors to measure a property of the purge gas being
exhausted from the container.

11 Claims, 5 Drawing Sheets
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1
APPARATUS FOR PURGING CONTAINERS
FOR STORING SENSITIVE MATERIALS

FIELD OF THE INVENTION

This invention relates to apparatus for purging containers
for storing sensitive materials.

BACKGROUND OF THE INVENTION

WO 2006/095121 discloses apparatus and methods for
storing sensitive materials in rigid sealable enclosures. After
the sensitive materials, for example molecule compounds
dissolved in DMSO, are placed in the enclosure, it is sealed
and then purged using a purge gas and preferably left with the
interior filled with inert gas at a pressure slightly above ambi-
ent so that if there is any problem with the sealing, the leakage
occurs from the inside of the container to the outside rather
than the other way round, which could lead to contamination
and deterioration of the contents stored in the container.

The published specification discloses containers adapted
for use in the method as well as a control unit which enables
them to be purged and left under excess pressure.

The control unit described is adapted to detect the nature of
the gas flow emerging from an exhaust port of the container,
and to stop the purging process when the purging has reached
an adequate level, for example by detecting that the oxygen
level in the gas flow from the container has dropped below a
preset concentration. Moisture level in the exhaust gas may
also be monitored.

WO 2008/125859 discloses sealable rigid enclosures suit-
able for use with the apparatus disclosed in WO 2006/095121.

Other such apparatus has been described, for example in
U.S. Pat. No. 4,344,467, and (in connection with inerting
packaging covers) in U.S. Pat. No. 5,794,408. GB-A-
1587534 discloses apparatus for providing a controlled atmo-
sphere around perishable products such as fruit or vegetables
located in a flexible bag.

BRIEF SUMMARY OF THE INVENTION

We have now found that by the use of the pressure from the
purge gas supply, conventionally gas cylinders regulated to
deliver a pressure of 4.2 to 5.6 kg/cm?, it is possible to design
control units which may be light in weight, allowing portabil-
ity, and which may need no or only modest electrical power
requirement to operate satisfactorily.

According to the present invention, there is provided appa-
ratus for purging rigid sealable containers for the storage of
sensitive materials, the containers having sealable inlet and
exhaust ports comprising means to connect a source of com-
pressed purge gas to a purge gas inlet on a container, including
apneumatically actuated main gas flow valve, means adapted
to allow purge gas to pass from the source to a timing device
associated with the main gas flow valve, means adapted to
turn off the gas flow after a given time, and means to vary the
time between commencement and cessation of gas flow. I[f the
timing device is one which operates on a pneumatic or clock-
work basis, driven in the former case by the pressure of the
purge gas itself, it does not require any external electrical
power supply such as would be required by a solenoid-oper-
ated valve.

In a simple embodiment, the time is set depending on the
internal volume of the container to be purged, enabling
adequate purging to be achieved without any monitoring of
the gas flow from the container exhaust port. The larger the
volume, the longer the time needed. Obviously the longer the
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purge time for a given volume, the greater the amount of
purging, so such apparatus may be used to effect a standard
purge or a ‘super purge’ (the latter taking longer). The appa-
ratus may carry a simple table or other graphical representa-
tion enabling the user to read off the purge time once the
volume of the container to purge and the desired purge level
are known, whereafter the timer is set to the respective time
and then operated once the container is connected to the outlet
of the timer.

A pneumatically operated timer device may be selected
from a variety of commercially available pneumatic timer
units. One type consists of an arrangement of pneumatic
components including a main control valve and a manually
operated trigger valve which when operated allows gas flow
to flow through the main control valve and a timer device
which closes the main control valve after a given period of
time, for example by sending a pneumatic signal to the main
control valve. These various components may be assembled
together to form such an arrangement, but it is also possible to
use integrated pneumatic timers which essentially consist of
a single integrated component.

If a supply of compressed gas is needed to operate the
timer, this may be derived from the gas supply to the appara-
tus or from the gas supply within the apparatus which is fed to
the container to be purged. The pressure of gas fed to the
apparatus is usually within the range 4.2 to 5.6 kg/cm?, while
the pressure of the gas fed to the container to be purged is
usually around 0.5 kg/cm?.

In order to enable purging of the container to be carried out,
the container must have both an inlet for the purge gas and an
outlet for the passage of exhaust gas from the interior of the
container as it is purged. The inlet is usually configured as a
self-sealing fitting to which a feed conduit for purge gas may
be connected. The outlet may be a simple self-sealing port
which allows flow when the pressure within the container is
above ambient by a given amount, or it may take the form of
a self-sealing fitting to which an exhaust conduit may be
connected for the following purpose:

As noted above, it is desirable to leave the container inte-
rior above ambient pressure after purging, and for that pur-
pose the apparatus preferably includes a pressure relief valve
which can be connected between the exhaust port of the
container and an exhaust port on the apparatus itself so that at
the end of purging the container is detached from the appa-
ratus in a sealed condition and with an internal pressure ofe.g.
0.035t0 0.070 kg/cm? above ambient. Preferably the pressure
relief valve is arranged to operate in the exhaust flow from the
container only at the end of the purge time—if it is connected
throughout purging the back pressure generated increases the
purge time necessary to achieve the desired purge level. Oper-
ating in this way, the main purging takes place with the
exhaust from the container simply vented to atmosphere, and
at the end of the set purge time the pressure relief valve is
applied to leave the internal pressure at the desired overpres-
sure.

The detailed construction of the apparatus may vary
widely; it can be made up of individual pneumatic compo-
nents connected together by piping, or some or all of the
components may be integrated into a single block or manifold
specifically designed and constructed to operate in the same
way.

Alternatively, the apparatus may even be incorporated into
a container itself, and this is of particular value where the
container is of large capacity and designed to contain high-
value materials, for example a substantial number of chemi-
cal or biological samples. In such a case, the purge gas supply,
usually a gas cylinder, is simply connected to the inlet port on
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the container and the container interior may be purged simply
by connecting the high pressure source of purge gas to the
inlet, setting the timer and triggering purging. Triggering may
occur manually or, for example, automatically on clamping a
container lid or door in place after the container has been
loaded with the materials it is desired to store under inert
conditions. Because the size of the container is known, the
range of timings available may be relatively narrow, though it
will still be variable to enable a choice between a shorter
purge time and a longer ‘superpurge’ time, and the necessary
time to achieve adequate purging will also depend on whether
the container is fully loaded with little airspace or lightly
loaded with a lot of airspace (in the latter case longer purge
times being needed to achieve the same purge quality).

As described in WO 2006/095121, the ending of purging
may be triggered by detecting a property of the exhaust gas,
for example moisture content or oXygen content, using suit-
able sensors and associated circuitry. Because the main valve
controlling the feed of purge gas through the chamber is
pneumatically operated, the power requirements for such
control are modest if electrically operated trigger valves are
used, avoiding the need for power-hungry solenoid valves.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawings show by way of example how
the invention may be put into practice. In the drawings:

FIG. 1 shows diagrammatically a first embodiment of
apparatus according to the present invention in use;

FIG. 2 is a view of the apparatus shown diagrammatically
in FIG. 1, showing how the various components of the appa-
ratus of FIG. 1 may be arranged in a practical fashion, with the
lid swung back to reveal the individual components inside the
outer casing;

FIG. 3 is a diagram similar to FIG. 1 but showing an
improved apparatus according to the present invention;

FIG. 4 is a view of the apparatus shown in FIG. 3 showing
a practical means of incorporating the components of the
apparatus in a casing;

FIG. 5 is a diagram similar to FIG. 3 showing a preferred
embodiment of apparatus according to the present invention,
incorporating a low power requirement electronic control
system.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIGS. 1 and 2 of the drawings, a purgeable
rigid sealable storage container 1 of known design is provided
with an inlet valve 2 and an exhaust valve 3, and is shown
diagrammatically at the foot of FIG. 1. Valves 2 and 3 are both
simple hose coupling valves which seal in the absence of
excess pressure applied from the outside in the case of valve
2 and from the inside in the case of valve 3.

The apparatus according to the invention is shown dia-
grammatically in the top portion of FIG. 1 and illustrated in
FIG. 2 which is a plan view, with the lid swung back, of a
casing 4 containing the relevant components to carry out
controlled purging of the storage container 1. The various
components arranged on or in the casing 4. These include an
inlet connector 5 which is connected to both a pneumatically
actuated main control valve 6 and a trigger valve 7 mounted
on the front panel of casing 4. Trigger valve 7 is connected to
the main control valve 6, which is also connected to a pressure
regulator 8 and a timer 9. A panel-mounted pressure gauge 10
is connected to the outlet of regulator 8, and set in the top
cover portion of casing 4, and the outlet of regulator 8 is
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connected, via a safety blow-off valve 11 to an outlet connec-
tor 12 mounted on the front panel of casing 4.

Separately, casing 4 has an inlet connector 13, relief valve
14 and an outlet (exhaust) connector 15. A silencer may be
fitted to connector 14 if desired.

A typical timer for use in such apparatus may be a clock-
work-based pneumatic timer such as those produced by H
Kuhnke Limited, with a timing range of, for example, 20 to
300 seconds.

In order to use the apparatus, connector hoses 16 and 17 are
fitted between outlet 12 of the apparatus and inlet 2 on the
enclosure and outlet 3 on the enclosure and inlet 13 on the
apparatus respectively. A high pressure gas source, for
example a nitrogen cylinder, is connected to inlet 5 and the
outlet from that high pressure source then enabled, for
example, by opening a standard hand wheel controlled valve
on the top of the cylinder.

To start with, gas from the compressed gas cylinder does
not flow through main control valve 6, as this is normally
closed. The timer 9 is then set to a desired purging time, and
the trigger valve 7 actuated. This delivers a pneumatic signal
to the main control valve 6 causing it to open and gas to flow
through it to the pressure regulator 8, and to the timer. The
reduced pressure (the exact pressure under which gas is being
fed into the enclosure 1 during operation is shown on meter
10) purge gas flows via the safety blow-off valve 11 to outlet
12 and thence into the chamber 1, and the exhaust gas from
enclosure 1 then flows via outlet 3 and inlet 13 through the
apparatus again, via relief valve 14, and out through connec-
tor 15.

The flow continues until the time set on the timer 9 (which
particular setting would depend upon the volume of container
1 which is to be purged as well as on the degree of purging
required) expires, which sends a pneumatic signal to the main
control valve 6 returning it to its normally closed state, so that
the purge gas ceases to flow into the storage enclosure 1. At
that point, the pressure relief valve 14 operates to maintain the
pressure in the storage enclosure 1 from 0.035 to 0.070
kg/cm?® above ambient.

The storage enclosure 1 is then disconnected from the
apparatus by simply dismounting the connections to ports 2
and 3 which, being self-sealing, act to maintain the atmo-
sphere inside the storage enclosure 1 at slightly above ambi-
ent pressure.

Referring now to FIGS. 3 and 4 of the drawings, the appa-
ratus according to the invention is similar to that shown in
FIG. 1, but is improved by the addition of a diverter valve 20
which is adapted to connect the flow of gas from the container
either to a simple high flow exhaust port 21 or to a pressure
relief valve 14 between diverter valve 20 and exhaust port 15.
This enables more rapid purging to be carried out.

The apparatus shown in FIG. 3 is operated in similar fash-
ion to that described above. First connector hoses 16 and 17
are fitted between outlet 12 of the apparatus and inlet 2 on the
enclosure and outlet 3 on the enclosure and inlet 13 on the
apparatus and the high pressure gas source connected and
turned on.

The timer 9 is then set to a desired purging time, and the
trigger valve 7 actuated.

This delivers a signal to the pneumatically actuated main
control valve 6 causing it to open and gas to flow through it to
the pressure regulator 8, to the timer and to the diverter valve
20 causing it to direct the purge gas exhaust flow to the high
flow exhaust port 21.

The flow continues until the time set on the timer 9 (which
particular setting would depend upon the volume of enclosure
1 which is to be purged as well as on the degree of purging
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required) expires, which sends a pneumatic signal to the main
control valve 6 returning it to its normally closed state, so that
the purge gas ceases to flow into the storage enclosure 1. At
that same point, the diverter valve 20 operates to immediately
switch the purge gas flow via pressure relief valve 14 to the
low flow exhaust 15, so that the purge gas flows out only until
the pressure within the storage enclosure 1 is 0.035 to 0.070
kg/cm?® above ambient.

The storage enclosure 1 is then disconnected from the
apparatus by simply dismounting the connections to ports 2
and 3 which, being self-sealing, act to maintain the atmo-
sphere inside the storage enclosure 1 at slightly above ambi-
ent pressure.

As shown in FIG. 4, the majority of the components may be
incorporated into an integrated valve block 25 to which the
other components are connected via pneumatic hoses.

Referring now to FIG. 5, the purgeable storage container or
enclosure 1 is provided with a valved inlet connector 2 and a
valved exhaust connector 3. Valved connectors 2 and 3 are
both simple hose coupling valves which self seal when con-
nector hoses 31 and 32 are detached from them, leaving
container or enclosure 1 with a gas tight seal, all as in FIGS.
1 and 3.

The apparatus shown in FIG. 4 has a casing 36 which
contains the operative components to carry out the purging of
the storage container 1. The various components are arranged
on or in the casing 36. These include a purge gas inlet con-
nector 37 which is connected to a main control valve 38 and
a four trigger valves 39, 40, 41 and 42. Trigger valves 39, 40,
41 and 42 are electrically latchable trigger valves, the latching
having the effect of reducing their power consumption when
engaged.

Trigger valves 39 and 40 are connected to the main control
valve 38, which is connected to pressure regulator 43. Pres-
sure regulator 43 is connected to safety blow-oft valve 44,
which connects to outlet connector 45. Blow-off valve 44
may be configured to start blow off purge gas if the gas
pressure being delivered into the enclosure 1 exceeds a pre-
determined safe working enclosure pressure.

Trigger valves 41 and 42 are connected to high flow
exhaust control valve 46, which is connected to outlet exhaust
connector 47. A silencer may be fitted to outlet connector 47
if desired.

Inlet connector 48 is connected to pressure sensor 49.
Pressure sensor 49 is connected to high flow exhaust control
valve 46 and a low flow exhaust needle valve 50.

Low flow exhaust needle valve 50 is connected to a low
flow exhaust pump 51, which connects to a low flow exhaust
humidity and oxygen sensor module 52.

Low flow exhaust humidity and oxygen sensor module 52
connects to a low flow exhaust valve 53, which connects to an
outlet connector 54. A silencer may be fitted to outlet connec-
tor 54 if desired.

The system is operated and controlled using main control
printed circuit board (PCB) 55, which interfaces with inter-
face item 58, which may be a touch screen display, or a
display with an arrangement of input buttons, or an arrange-
ment of input buttons and output lights/light emitting diodes
(LED:s).

Main control PCB 55 is connected to an onboard battery
56, which connects to an inlet charge lead connector 57. Inlet
charge lead connector 57 may be a universal serial bus (USB)
type connector.

Main control PCB 55 also controls and measures feedback
from trigger valves 39, 40, 41 and 42, pressure sensor 49, low
flow exhaust pump 51, low flow exhaust humidity and oxygen
sensor module 52 and low flow exhaust valve 53.
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In order to use the apparatus, connector hoses 31 and 32 are
fitted between outlet 45 of the apparatus and valved inlet
connector 2 on the enclosure and inlet 48 of the apparatus and
valved outlet connector 3 on the enclosure respectively. A
high pressure gas source, for example a nitrogen cylinder, is
connected to inlet 7 and the outlet from that high pressure
source then enabled, for example, by opening a standard hand
wheel controlled valve on the top of the cylinder.

To start with, compressed gas does not flow through main
control valve 38, which is normally closed. The operator
configures the system using the interface 58 to program the
main control PCB 55, by setting exhaust gas content moisture
and oxygen cut off thresholds to be detected by low flow
exhaust humidity and oxygen sensor module 52. The operator
then starts the purge cycle using interface 58.

Main control PCB 55 accepts the start signal from interface
58 and electrically fires trigger valves 39 and 41, opens low
flow exhaust valve 53 and starts low flow exhaust pump 51.
Pneumatic signals are sent to main flow control valve 38 by
trigger valve 39 and high flow exhaust valve 46 by trigger
valve 41. Main flow control valve 38 and high flow exhaust
valve 46 are both opened pneumatically allowing purge gas to
start flowing through pressure regulator 43 and subsequently
through safety blow off valve 44.

Purge gas is then forced to flow through outlet 45 and
connector hose 31 into enclosure 1 via valved connector 2.
Purge gas then mixes with the ambient gas within enclosure 1
and is forced to flow out of enclosure 1 under pressure via
valved outlet connector 3.

Upon exiting valved outlet connector 3 the exhausted purge
gas flows through connector hose 32 and connector 18 into
the apparatus again.

The exhausted purge gas flows to pressure sensor 49 which
measures the gas pressure and delivers the exhaust gas to
separate high and low flow exhaust paths/lines.

The majority of exhausted purge gas flows from pressure
sensor 49 through high flow exhaust valve 46 and then out of
connector 47.

A small amount of exhausted purge gas also flows from
pressure sensor 49 through low flow exhaust needle valve 50
and low flow exhaust pump 51, which regulates the quantity
of exhaust gas flowing into low flow exhaust humidity and
oxygen sensor module 52. Exhausted purge gas then flows
from oxygen sensor module 52 through opened low flow
exhaust valve 53 and out of connector 54. Connector 54 may
be fitted with a silencer.

Exhaust humidity and oxygen sensor module 52 is mea-
suring the levels of oxygen and or moisture in the exhausted
purge gas as this purge gas flows through and over it. When
these levels fall below the preset set cut off thresholds pro-
grammed into main control PCB 55 by interface 58, main
control PCB 55 disengages trigger valves 39 and 41 and fires
trigger valves 40 and 42. Pneumatic signals are sent to main
flow control valve 38 by trigger valve 40 and high flow
exhaust valve 46 by trigger valve 42. Main flow control valve
38 and high flow exhaust valve 46 are both closed pneumati-
cally ceasing the flow of purge gas through the apparatus into
enclosure 1 and ceasing the flow of exhaust gas from enclo-
sure 1 into the apparatus.

By the careful control and synchronised timing of closing
high flow exhaust valve 46 with respect to closing main
control valve 38 a level of positive pressure above ambient is
trapped within enclosure 1 and forced to flow from the enclo-
sure 1 only via the low flow exhaust path, that starts with low
flow exhaust needle valve 50 and finished with outlet 54.

71 Exhaust gas flows at a reduced rate via the low flow
exhaust path with pressure sensor 49 measuring the system
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pressure within the enclosure 1 still connected to the appara-
tus. Optionally, low flow exhaust humidity and oxygen sensor
module 52 may continue to sense the oxygen and moisture
content of the exhausted purge gas as pressurised exhausted
purge gas is vented from enclosure 1 through the apparatus
low flow exhaust line. This may be of an advantage, as the
mixing of purge gas with the pre-existing ambient gas within
the enclosure 1 may change when the main purge cycle
through the high flow exhaust has completed. Pockets of dead
or un-purged ambient gas may be suddenly released within
enclosure 1 and detected when passing through low flow
exhaust humidity and oxygen sensor module 52. In this
instance the apparatus may be configured in Main control
PCB 55 to re-start the purging process.

Upon reaching a pre-set level of positive pressure, mea-
sured by pressure sensor 49 and programmed into main con-
trol PCB 55 by interface 58, main control PCB 55 closes low
flow exhaust valve 53 sealing off enclosure 1 completely.
Main control PCB 55 also terminates the gas pumping opera-
tion of low flow exhaust pump 51 and the overall purge cycle
of enclosure 1 using the apparatus completes.

However, it may be that an elevated level of positive pres-
sure is required within enclosure 1 not achieved naturally at
the end of the purge cycle. In this instance main control valve
38 is opened momentarily and then closed by trigger valves
39 and 40 under the control of main control PCB 55. Thus
main control valve 38’s open and closed state is modulated to
cause the pressure within enclosure 1 to increase incremen-
tally. Pressure sensor 49 is able to detect the pressure increase
which is in turn monitored by main control PCB 55. Upon
reaching the required level of positive pressure within enclo-
sure 1, as measured by pressure sensor 49, the modulation of
main control valve 38 is terminated.

Enclosure 1 is now disconnected from the apparatus by
disengaging hoses 31 and 32 from valved connectors 2 and 3
respectively. As valved connectors 2 and 3 are normally
closed self sealing valves they seal off the environment within
enclosure 1 immediately upon their disconnection, thus pre-
senting enclosure 1 as a gas tight enclosure.

The invention claimed is:

1. An apparatus for purging rigid sealable containers for
storage of sensitive materials, the containers having a sealable
inlet port and a sealable exhaust port, comprising means to
connect a source of compressed purge gas to a purge gas inlet
on a container, including a main gas flow valve; means
adapted to allow purge gas to pass from the source of com-
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pressed purge gas to a timing device associated with the main
gas flow valve, wherein the main gas flow valve turns off a gas
flow after a preselected time, and the timing device can vary
a time period between commencement and cessation of the
gas flow; and means to detach the apparatus from the purge
gas inlet; wherein the main gas flow valve is structured for
pneumatic activation and to enable purge gas pressure pro-
vided by the source of compressed purge gas to operate the
apparatus to purge the container in absence of an electrical
power supply.

2. The apparatus according to claim 1 wherein the timing
device operates on a pneumatic basis or clockwork basis.

3. The apparatus according to claim 2 further comprising a
pressure relief valve connected to the exhaust port of the
container so that at an end of purging of the container, the
container is detached from the apparatus in a sealed condition
and with an internal pressure greater than ambient pressure.

4. The apparatus according to claim 3 wherein the pressure
relief valve is adapted to operate in an exhaust flow from the
container only at an end of a predetermined purge time.

5. A storage container for sensitive materials incorporating
the apparatus according to claim 2.

6. The apparatus according to claim 1 further comprising a
pressure relief valve connected to the exhaust port of the
container so that at an end of purging of the container, the
container is detached from the apparatus in a sealed condition
and with an internal pressure greater than ambient pressure.

7. The apparatus according to claim 6 wherein the pressure
relief valve is adapted to operate in an exhaust flow from the
container only at an end of a predetermined purge time.

8. The apparatus according to claim 1 further comprising
means to purge the container in a two-stage process, wherein
the two-stage process includes a first stage at a relatively high
purge gas flow rate and a second stage at a relatively low purge
gas flow rate.

9. The apparatus according to claim 8 further comprising a
pneumatically-operated diverter valve to switch an exhaust
purge gas flow from a high-capacity high flow path to a low
flow path including a sensor to detect a property of an exhaust
purge gas.

10. A storage container for sensitive materials incorporat-
ing the apparatus according to claim 1.

11. A storage container according to claim 10 further com-
prising means for triggering purging actuated by closure of
the container.



